Abstract: According to modern concepts, the main natural sources of dust in the atmosphere are 
Introduction
in the first approximation, can be disregarded relative to hydrodynamic effects [53] . However, such 131 electric fields have been seen in both wind tunnel studies and field observations to be capable of 132 significantly affecting sand transport. The electric field generated in DDs is determined by the vertical 133 currents of charged particles and the dispersion of particle velocity can be calculated as a function of 134 mass.
135
The triboelectric effect has been tested and is used in industry, pharmaceuticals in particular, for 
is negative. Here g is the gravitational acceleration, γ a is the ratio of specific heats, H is the reduced In this section, which describes the generation of convective jets (plumes) and vortices in a convectively unstable atmosphere, we will focus on the results obtained in the works [95] [96] [97] [98] . Similar to these models we will consider only the axisymmetric case assuming that ∂/∂φ = 0 in the cylindrical coordinate system (r, φ, z) with the flow velocity denoted as v = v r , v φ , v z . Given that sand grains in DDs move at subsonic speeds, the incompressible fluid approximation is valid. According to [95] [96] [97] the radial and vertical velocities of convective incompressible motion in plums of an unstable stratified atmosphere are equal to
and
Here v 0 is the characteristic velocity, R = r/r 0 , r 0 is the vortex radius, t is the time and γ = |ω g |. The expressions for the velocity components of convective motion in the plume (2) and (3) are given under the assumption that the following condition holds 
Generation model of dust devils from vertical jets

208
We consider that within the vortex there is a stationary large scale, with characteristic scale a r 0 scaling the vertical vortex vorticity term as follows Ω z (r) = Ω 1 − exp −r 2 /a 2 . In the vortex region when r/a 1 the vertical vorticity is Ω z = Ω r 2 /a 2 . Using the expressions for the radial and vertical velocities of convective motion (2) and (3), one can obtain an initial large scale vertical
3 is the initial toroidal velocity. Taking into account the interaction of the vertical vorticity with an exponentially increasing poloidal motion, one can obtain [95-98] expression for jet toroidal (or azimuthal) velocity,
To apply these results to interpret dust vortices in the Earth's atmosphere, let us take the certainly, recognised that a tornado is too complex a phenomenon to be completely described by In this model of CVs in a non-dissipative medium, the radial, vertical and toroidal components of the velocity are [109, 110] v
Here L is the characteristic height of the vortex, v φ0 is the initial (seed) toroidal velocity. Using the expression for azimuthal velocity (8), one can obtain an equation for toroidal vorticity
where ω z0 = 2v φ0 /r 0 . The Eqs. (7) and (9) show that the vertical velocity and the vertical vorticity change the sign at the boundary of the vortex. Using Eq. (9) it can be shown that according to Thompson's theorem in hydrodynamics of an ideal fluid the total (integral) vertical vorticity is zero, i.e. 2π 
Eqs. (9) and (10) 
Eqs. 
Numerical simulations of vortex dynamics
279
The first attempts of analytical research, as well as numerical and laboratory modelling of vortices (LES) approach. However, the study of the dynamics of vortices in realistic multi-component dust,
285
incorporating the influence of electrostatic fields, is still very much at the initial stage of development.
286
The influence of the vertical temperature gradient and friction in the near-surface layer on the code, numerical simulation of vortex generation in a convectively unstable atmosphere was performed.
300
The developed numerical code can be used to construct a general circulation model in a dusty 
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Three fragments shown in Fig. 3 indicate intermittency in the evolution of the spiral structure.
326
The left fragment has a weak spiral structure, the middle has a strong helicity, and the right fragment,
327
corresponding to the great times, again has a weak helicity. 
355
Further studies of DDs, including numerical modelling, will allow us to study: (a) generation 
